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FOREWORD BY THE EDITORS 



The purpose of this Series on the Progress of Research in 
Holland during the war is to show the world that scientists in 
the Netherlands have remained active during the five years of 
German occupation. The publication of monographs by the 
most representative research workers was already planned in 
the first years of the war, as a token of the undaunted spirit of 
the Netherlands. 

In spite of the ever-growing burden of oppression and 
starvation research was continued intensively in all directions. 
Most of the material now published in this series was, for 
obvious reseasons, kept a secret during the war. 

It being the Editors’ aim to present these monographs as 
early as possible after the war, the majority of them were 
prepared whilst the war was still on. Authors were therefore 
expected to give mainly the results of their own investigations, 
without exhaustive reference to the Anglo-Saxon literature, 
which would not be available to them until after the war. 

The hope is expressed that the publication of this series will 
further intensify the interest shown by the allied nations in the 
fate of the Netherlands, demonstrating, as it does, the whole- 
hearted preparedness of our nation to contribute to the progress 
of mankind. 

The Editors wish to express their greatest admiration for the 
publishing house of Elsevier, which took very serious risk in 
preparing this series in wartime, when all activity on behalf of 
such international purposes was strictly forbidden. 

The Editors, 

Dr Ir R. Houwink 
Dr J. A. A. Ketelaar 

Amsterdam, on V.E.-day, 8th May 1945. 





Dr. J. L. Snoek 





INTRODUCTION 



There can be little doubt that the theory of ferromagnetic 
hysteresis in its present form — especially after the most 
useful extension given to it by M. Kersten — covers a wide 
field and is essentially correct. It is based on the two conceptions 
crystal anisotropy and magnetostriction and its principles are 
outlined in Becker and Doring’s well known book on -the 
subject. 

Starting from these principles we have made an attempt 
to explain more fully the magnitude of the quadratic term 
in the Rayleigh relation, which has such important bearings 
on the hysteresis properties of materials used for communi- 
cation purposes (c.f. §§ 1—5 and §§ 23 — 26). 

Especially high values for fi 0 , the initial permeability, and 
low values for H c , the coercive force, may be expected, when 
both the crystal anisotropy and the magnetostriction are zero. 
In binary systems the exact coincidence of two ,,zero points” 
for these quantities will seldom occur. In ternary systems the 
“zero points” develop into "zero lines” and there is a possibility, 
that such lines intersect. 

At the point of intersection we expect to find an 
alloy with high pt 0 and low H c . Conversely if in a given ternary 
system the zero lines do not intersect, no exceptional proper- 
ties are to be expected in any part of this system. By pursuing 
the course of the zero lines in all ternary systems consisting 
of metals, which are commercially available, J. J. Went of this 
laboratory has aimed at obtaining a complete survey of the 
practical possibilities in this field. His interesting findings are 
briefly given in § 6; they have led to the discovery of a new 
alloy of the permalloy type (nickel manganese). 

In Becker’s theory only two types of anisotropy are recog- 
nized, the one present in unstrained crystals and having the 
symmetry of the crystal and the other type which bears the 
symmetry of the elastic stress. 

Research 19 — 1 (PE1ABR) 
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It is questionable, whether all possibilities have been ex- 
hausted in this way. In § 8 and 9 two cases of anisotropy 
will be recorded, which are not covered by either of the 
two conceptions used in the current theory. In the first case 
— Fe s O i at low temperatures — the observed uniaxial ani- 
sotropy is most probably due to the 3 d-electrons assuming 
ordered positions in the lattice. In the second case (cold- 
rolled strips of nickel iron single crystals) the outward cause 
of the observed anisotropy, which is again of the uniaxial 
type, evidently is a plastic deformation, but it is not yet 
certain, whether the ions or the electrons (probably again by 
assuming ordered positions) are in the main responsible for 
the effect. 

So much for substances which are on the whole to be 
considered as magnetically weak. When considering alloys with 
a high coercive force — such as FeNiAl, to take one of the 
technically most important alloys — it is likewise an open 
question whether the high magnetic strength can be accounted 
for by internal stresses alone (§ 10). 

On account of the element "time” playing only a very 
subordinate role in hysteresis phenomena we have treated these 
subjects under the heading of statics of ferromagnetism. 

Under the heading of dynamics of ferromagnetism resort 

a. the influence of eddy currents on the magnetization process. 

b. the various forms of magnetic after effect. To this may 
be added: 

c. a phenomenon indicated by English scientists by the term 
"time decrease of permeability”. (The French use the term 
"vieillissement reversible”). Becker and Doring in recog- 
nition of the fact that a close connection of this effect with 
magnetic after effect was found by us to exist (Physica 1938, 
p. 663), propose the name: "after effect of the permeability”. 
Its main features are a sharp rise in the initial permeability 
each time the sample is exposed to a change in the magnetic 
field, followed by a gradual and continuous decrease with 
time. In this book the name “disaccommodation” will be 
used and occasionally shortened to D.A. 

The phenomena mentioned under a seem to touch a rather 
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well studied and threadbare subject. It will be shown, that 
this is not the case and that unexpected phenomena, due to 
eddy currents, may arise in ferromagnetics showing demag- 
netization (§ 11 and Appendix II.) 

By far the greatest part of our attention will however be 
paid to the study of the magnetic after effect (occasionally 
shortened to M.A.), disaccomodation (D.A.), and to elastic 
after effect (occasionally shortened to E.A.). 

Our researches in this field were started by the discovery 
in 1938, that well annealed samples of pure iron containing 
about a hundredth of one percent by weight of carbon or 
nitrogen display strong M.A., as well as D.A. and E.A. 

The elastic effect is at the root of the magnetic phenomena. 
In 1938 we showed the connection between the three phe- 
nomena. 

Part of our time during the war has been spent in testing 
in various ways the validity of the theoretical ideas developed 
at that time and shortly afterwards. A short note (§ 15) shows, 
that a supposed lack of harmony between the magnitude of 
the magnetic after effect and the elastic after effect does not 
exist and that our explanation of the magnetic effect in terms 
of magnetostrictive stresses leaves no shadow of doubt. 

L. J. Dijkstra of this laboratory made more detailed ex- 
periments on the elastic after-effect. Single crystals of "Armco” 
iron produced by the method of critical stress were among 
the materials studied. It was found that the phenomenon is 
strongly anisotropic as predicted. 

Also the relation between the magnitude of the effect and 
the lattice constants of tetragonal martensite was put to a 
test and a satisfactory agreement between theory and experi- 
ment obtained. 

D. Polder of this laboratory has put the theory into a 
more rigorous mathematical form. His results are found to 
be identical with those obtained by the author in 1940. It 
thus seems to be quite certain, that the after-effects are produced 
by the migration of ions of carbon and nitrogen in the lattice 
to and from certain places, the occupation of which produces 
a non spherical distortion of the lattice. In view of these 
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facts we propose to adopt in this book the name ionic after- 
effect for this class of phenomena. 

Magnetic after-effect at higher frequencies (h.f. M.A.) has 
been studied occasionally on metals but so far little definite 
result has been obtained. The effect is of course intricately 
mixed up with eddy currents. Efforts to use the electric skin 
effect as a means of obtaining information on the magnetic 
properties at high frequencies are hampered by the fact, that 
the flux only enters an extremely thin surface layer of the 
material, where conditions may differ appreciably from those 
prevailing in the interior. 

In this book a new approach to the problem is made. Part 
of the experiments relate to metals and form a continuation 
of work already reported in Physica 7 (1940) 515. We suc- 
ceeded in obtaining direct confirmation forour anticipation, that 
very pure and well annealed iron shows a strong M.A. of the 
high frequency type at frequencies of the order of 1 kC/sec. 
This work gave a first indication of the fact that high values of 
fi 0 lead to increased relaxation times, which was repeatedly 
verified afterwards and theoretically accounted for later on. 

A major impulse was however derived from the study of certain 
new materials already begun in 1933, which are non-metals ( oxides ) 
and have values of the specific electric resistance ranging from 
10' 2 to 10 +7 ohm. cm. Eddy current effects in many samples 
of these "ferrites” are practically absent till frequencies of 
1000 kC and higher. 

These ferrites have the crystal structure of the well known 
mineral spinel (MgAl^O^ and are therefore cubic, a feature 
allowing them in principle to develop high values for after 
slow cooling from high temperatures similar to many cubic 
ferromagnetic metal alloys. 

They are isomorphous with the well-known oxide of iron 
Fe 3 0 it magnetite or ferrous ferrite as it may be called. They 
may be considered to be derived from ferrous ferrite by replacing 
the ferrous ion by another bivalent ion M of about the 
same size (Mg, Zn, Ni, Mn, Co). The general formula thus 
is: MO . Fe 2 0 3 . 

In Chapter III the ferrites are discussed from a technical 
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point of view and their importance for high frequency work 
is pointed out. Numerous applications of these magnetic 
oxides are possible in radio and telephony. 

The combined evidence obtained on non metals and on 
metals has led to a theory of the high frequency after- 
effects, the outlines of which are given in § 18. The term 
electronic after-effect has provisionally been adopted for this 
class of phenomena for reasons which are stated in the 
book. The testing of our ideas on the subject will no doubt 
take a long time and it is the hope of the author, that this 
task will be shared by other workers in the field. Much of 
what has been said in § 20 will sound premature to many 
readers and as yet not sufficiently founded upon facts. It is 
hoped however, that at least the heuristic value of the ideas 
exposed here will prove worth while and give a further impulse 
to the study of the transition metals and their oxides and 
perhaps to the study of the properties of solid substances in 
general. 

As indicated by the title, this book though treating ferro- 
magnetic materials is not meant to give in the first place a 
comprehensive survey of the whole field. Primarily it is intended 
as a report on our researches during the war under conditions 
which became gradually harder and in an atmosphere ill 
suited to the development of scientific thought. 




I. STATICS OF FERROMAGNETISM 



§ 1. The general theory of ferromagnetic hysteresis 

The phenomenological theory 1 of hysteresis starts from 
the empirical fact, that in almost every ferromagnetic material 
there is a certain interaction between the spins and the lattice, 
as a result of which certain “preferred directions” for the 
direction of magnetization arise. The work required to turn 
the spins in one -cm 3 of the substance from the direction of 
minimum energy to the direction of maximum energy will be 
called the anisotropy energy of the substance and indicated by 
the symbol E A • It is not to be confounded with the interaction 
energy Ej, which measures the energy required to bring one 
cm 3 of the substance from the ferromagnetic into the para- 
magnetic state. For reasons of simplicity each point of the ion 
lattice is supposed to be the seat of one elementary spin. The 
lattice is assumed to be cubic and to have a lattice constant a. 

As shown by F. Bloch the existence of an energy Ea different 
from zero leads under certain conditions to the formation of 
zones — the so-called Bloch zones — in which the direction 
of magnetization varies from one direction of minimum energy 
to another. The zone has a thickness given by 




and is the seat of a surface energy, the magnitude of which 
per cm 2 is given by 

y = 2E A .6 = 2a y/Ei-E A (2) 

To find the total surface energy E 0 of a given zone we have 
to multiply y by a factor 0 act . indicating the active surface of 
the zone, so that 

1 Cf. R. Becker and W. Doring’s book “Ferromagnetism” , 
Berlin 1939, in the following cited as B. and D. 




